INTRODUCTION {#sec1-1}
============

Descriptions of procedural drainage of the pleural space date back to the times of Hippocrates.\[[@ref1]\] Despite different techniques and devices used throughout the history, the basic principles did not change.\[[@ref1]\] Today, tube thoracostomy (TT) placement remains among the most commonly performed procedures, from bedside to operating room, from life-threatening emergencies to postoperative chest drainage in elective surgery.\[[@ref2]\] In the injured patient, TT may be lifesaving and facilitates evacuation (and monitoring) of hemothorax, prevents the development of tension pneumothorax \[[Figure 1](#F1){ref-type="fig"}\] while promoting lung reexpansion, tamponades low pressure pulmonary bleeding, and improves respiratory function.\[[@ref2]\] In the surgical patient, chest tubes facilitate postoperative recovery. Patients with malignancies may benefit from symptomatic relief brought about by drainage of persistent, large pleural effusions.\[[@ref3]\] Despite potential benefits of TT drainage, many possible complications exist. This manuscript reviews chest tube complications and provides an overview of topics related to TT-related morbidity.

![Tension pneumothorax (short arrows, left) with contralateral mediastinal shift (long arrows, left). The pneumothorax was managed with emergently placed tube thoracostomy (right). Note the position of the most peripheral intake portal (circled, right). This "sentinel hole" should be located inside the thoracic cavity, and the distance markers on the chest tube indicate the distance between the "sentinel hole" and the numbered marker located at the skin level. The distance between the "sentinel hole" and the skin varies based on various factors (i.e., the position of the TT entry site on the chest wall, patient body habitus, obesity, etc)](IJCIIS-4-143-g001){#F1}

Chest tubes: Indications and contraindications {#sec2-1}
----------------------------------------------

Indications for chest tube placement include: (a) pneumothorax; (b) penetrating chest trauma; (c) severe blunt chest trauma; (d) hemothorax; (e) chylothorax; (f) symptomatic pleural effusion; (g) bronchopleural fistula; (h) chemical pleurodesis for benign and malignant conditions; (i) postoperative use in thoracic/cardiac surgery; and (j) complicated parapneumonic effusion or empyema.\[[@ref4][@ref5][@ref6]\] In addition, a number of relative indications for TT placement exist. Due to the limited scope of this article, the reader is referred elsewhere for a complete list.\[[@ref1][@ref4][@ref5][@ref6]\] Contraindications to thoracostomy placement have to be considered in the context of the overall risk-benefit assessment. For example, there are no contraindications to TT placement for tension pneumothorax. However, previous history of pleurodesis or lung transplantation may preclude "blind" chest tube placement and trigger the performance of image-guided TT procedure. Patients with extensive pulmonary blebs also have a relative contraindication to TT placement because of the risk of bronchial fistula formation.\[[@ref4][@ref7]\] Elective or semi-elective TT placement should be avoided in patients with clinically significant coagulopathy and consideration should be given to normalization of coagulation parameters prior to commencing with the procedure.

Overview of chest tube related complications {#sec2-2}
--------------------------------------------

Cumulative rates of early (\<24hrs post-placement) and late (\>24hrs post-placement period) chest tube complications are approximately 3 and 8-10%, respectively.\[[@ref8][@ref9]\] Thoracostomy procedures carry multiple, often underestimated risks and the list of published complications of TT is extensive. The number of anatomic structures potentially affected during TT placement includes primary and secondary injuries of the lung, intercostal/intrathoracic vasculature, esophagus, stomach, liver, spleen, diaphragm, major blood vessels, and even cardiac structures.\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16]\] While TT complications can be categorized as acute or chronic, procedural and non-procedural, provider- and patient-related, we have chosen to categorize them into organ-specific complications and thoracic cage complications/injuries (extrapulmonary anatomic, physiological, technical, and miscellaneous). We will briefly address procedural technical/safety considerations and follow with a review of individual complications.

Procedural and technical considerations {#sec2-3}
---------------------------------------

Before proceeding with TT placement, one must carefully consider pertinent indications and contraindications. Different chest tube types and their characteristics have been described elsewhere,\[[@ref1]\] and this section will focus on general peri-procedural, operative, and safety-oriented aspects. A chest tube\'s length and internal diameter are important determinants of effluent flow rates and risk of blockage/occlusion. Drainage of more viscous fluid requires a larger diameter tube (i.e., for hemothorax use 36-French diameter or larger). On the other hand, for iatrogenic pneumothorax, a smaller (i.e., 20-French) or even a "pigtail" or "dart" thoracostomy may be sufficient. The patient\'s anatomy and body habitus direct the extent of the skin incision, soft tissue dissection, and intra-thoracic excursion of the TT. Commonly utilized approaches to TT placement have been described elsewhere.\[[@ref1][@ref17][@ref18][@ref19]\]

The chest tube needs to be advanced far enough into the thorax so that its most peripheral intake portal (i.e. the "sentinel hole", \[[Figure 1](#F1){ref-type="fig"}\] rests within the pleural space. Chest tubes directed medially (i.e., towards the midline) rather than superiorly (i.e., towards lung apex) are more likely to abut the mediastinum. Creating a tunneled tract helps optimize tube positioning. Post-procedure chest roentgenogram is used to confirm proper placement and identify tube misplacement.

Procedural safety considerations {#sec2-4}
--------------------------------

Although TT insertion is ubiquitous in everyday clinical practice, the procedure may be complicated by patient misidentification or wrong side/site placement. Errors during patient safety checks and communication breakdowns are among causes of "wrong-procedure", "wrong-site/side", and "wrong-patient" adverse events. Additionally, natural symmetry of the body may contribute to confusion regarding procedural laterality, especially if surgical drapes, patient positioning, and/or operative table rotation are involved.\[[@ref20]\] In one study of intercostal chest drain procedures, the authors proposed that a pre-insertion checklist could improve procedural safety, including reduction in wrong-site placements.\[[@ref21]\]

To maximize procedural safety, certain critical steps must be followed during TT placement. The Joint Commission has implemented the Universal Protocol for invasive procedures. Although physicians performing procedures in the non-surgical setting do not always adhere to this protocol,\[[@ref22][@ref23]\] the Universal Protocol should not be limited to the classic procedural or operative settings,\[[@ref22][@ref24]\] and established guidelines should be followed prior to performing a TT insertion to ensure proper safety.\[[@ref24]\] One of the most important considerations is the utilization of a safety checklist, which may help reduce the incidence of wrong-site procedures, eliminate omissions of important adjuncts such as procedural adherence to sterile techniques, and minimize other critical errors associated with lack of familiarity with equipment, etc.\[[@ref23]\] Nearly all modern chest tubes contain an important landmark termed "the sentinel hole"-the most peripheral intra-thoracic hole that contains a radiographic marker and should always be positioned within the markings of the ribcage \[[Figure 1](#F1){ref-type="fig"}\]. Another critical safety step is the review of both pre- and post-procedure radiographs by the physician performing the TT, with emphasis on education regarding critical findings such as retained surgical items, residual pneumothorax, new or incompletely drained hemothorax, and pleural/mediastinal abnormalities that suggest iatrogenic injury.

The urgent conditions of the emergency department (ED) often present challenges to the performance of peri-procedural patient safety checks. One ED survey indicated lack of awareness of the "time out" requirement for procedures among \~ 10% physicians, although 4% mentioned that such protocols may help prevent errors.\[[@ref25]\] Only three-fourths of physicians who routinely place chest tubes responded that they would perform a "time out" before the procedure, allowing for the possibility of laterality errors.\[[@ref25]\] For chest tube procedures across all areas of medicine, pre-procedure verification, specific site marking, and a "time out" should be universally performed.

Organ-specific complications {#sec2-5}
----------------------------

### Esophageal injury {#sec3-1}

Esophageal injury associated with TT is rare. Direct injury to the esophagus may occur during or after tube placement. Drainage of enteric or salivary contents through the tube should raise suspicion and contrast studies confirm the diagnosis. Esophageal perforations have been reported for TT placed in the setting of normal esophagus,\[[@ref26]\] various pathologic states, and post-esophageal surgery.\[[@ref16]\] Esophageal injuries are best avoided by repositioning chest tubes that appear to terminate close to the mediastinum. Management of esophageal injuries related to TT follows general principles of esophageal injury management. Non-operative approaches have been reported, but surgical repair is the mainstay of treatment. Options include primary repair (with or without tissue flap), esophageal exclusion/diversion, drainage, and/or resection.\[[@ref27]\]

### Gastric injury {#sec3-2}

The stomach is rarely injured during TT placement, and usually occurs with intra-abdominal placement (may also be associated with concurrent diaphragm injury).\[[@ref5]\] Proper technique and avoiding trocar use during chest tube placement reduces the risk of this complication. Gastric trauma during TT insertion has also been reported in patients with intrathoracic gastric herniation.\[[@ref15][@ref28]\] The presentation of gastrothorax may mimic a tension pneumothorax,\[[@ref29]\] increasing the risk of gastric TT insertion. While chest radiographs may help prevent this complication, \<40% of patients have radiographs suggestive of diaphragm rupture. Clinical suspicion of gastrothorax is necessary as shock and respiratory insufficiency, along with the nonspecific radiographic findings of pleural effusion, basilar opacity and a non-visualized diaphragm may mask the diagnosis.\[[@ref28][@ref30]\] Injured stomach/diaphragm must be promptly repaired.

### Bowel injury {#sec3-3}

Chest tube misplacement into the abdominal cavity \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\], although rare, can lead to injury of any intra-abdominal organ and significant morbidity.\[[@ref5]\] The incidence of intra-abdominal TT placement is \<1% but approximately one third of cases result in bowel injury.\[[@ref5]\] Clinical presentation may include enteric content drainage from the chest tube, peritonitis, or sub-diaphragmatic tube location on follow-up chest roentgenogram. Similar to penetrating abdominal trauma with enteric injury, TT-related bowel injury mandates an exploratory laparotomy. The extent of bowel injury will determine the type of repair performed. Intraoperatively, care should be taken to identify and repair any other associated injuries. This may include but is not limited to liver, splenic, and diaphragmatic injuries. Patients with gross enteric spillage may require post-operative antibiotics.

![Sub-diaphragmatic tube thoracostomy (TT) mis-placement. Plain radiograph showing the TT in the left upper quadrant (left upper image). Computed tomography confirms intra-abdominal location of the chest tube, along with free air (right upper). The patient underwent laparotomy due to the combination of both radiographic (free air) and clinical (abdominal pain) findings. Intraoperative photographs show the TT causing a superficial injury to the left hepatic lobe (left lower) and then proceeding deeper in to the left upper quadrant (peri-splenic) wrapped by omental tissue (right lower)](IJCIIS-4-143-g002){#F2}

![An example of hepatic injury secondary to thoracostomy tube. This elderly patient underwent a thoracoscopic-assisted right lower lobectomy and developed a symptomatic right-sided loculated pleural effusion several weeks later. An attempt to place right-sided chest tube at the bedside resulted in an iatrogenic injury to the hepatic parenchyma. The tube was removed in a monitored setting, with interventional radiology and surgical teams standing-by for possible hepatic parenchymal bleeding. Following tube removal, the patient remained asymptomatic and showed no signs or symptoms of bleeding](IJCIIS-4-143-g003){#F3}

During expiration the diaphragm can rise to the level of the 5^th^ intercostal space. Placement of the chest tube no lower than the 5^th^ intercostal space (approximately the level of nipple in men or infra-mammary fold in women) in the mid axillary line helps prevent subdiaphragmatic insertion. Important landmarks to consider during TT placement include the "triangle of safety" (i.e., anterior border of the latissimus dorsi, lateral border of the pectoralis major, and a line superior to the horizontal level of the nipple).\[[@ref31]\] Confirmation of intrathoracic placement by carefully inserting a sterile gloved finger into the thoracostomy tract prior to introducing the TT can identify misplacement before injury happens.

### Hepatic injury {#sec3-4}

Liver injury \[[Figure 3](#F3){ref-type="fig"}\] associated with TT placement is uncommon.\[[@ref8]\] For patients with resultant major hepatic hemorrhage, vascular injury, and/or hemodynamic instability, surgery is indicated. A nonoperative approach to this complication has been described, provided that the patient is hemodynamically stable, there is no evidence of major vascular injury on advanced imaging, and there are no contraindications to percutaneous intervention (i.e., hepatic embolization).\[[@ref8]\] Prevention of this injury follows the same rules as prevention of other complications related to ectopic TT placement.

### Splenic injury {#sec3-5}

The close proximity of the spleen to the left hemidiaphragm places the spleen at risk for injury if a TT is placed through or below the diaphragm \[[Figure 2](#F2){ref-type="fig"}\]. Although rare,\[[@ref9]\] splenic placement may result in hemoperitoneum and/or shock. At times, it may be discovered incidentally on follow-up imaging. While splenic injuries in general can be managed non-operatively, patients with splenic injury from TT warrant an exploratory laparotomy to assess the extent of the injury and to rule out any potential associated injuries. The extent of injury will determine whether splenectomy is required. Embolization has been successful in cases of liver injury following TT placement and could be considered for splenic injuries.\[[@ref8]\] Prevention includes attention to anatomic landmarks, including the "triangle of safety".\[[@ref31]\]

### Diaphragm injury {#sec3-6}

Most diaphragmatic injuries during TT placement result in either laceration, perforation, or muscle dysfunction. Diaphragmatic laceration or perforation occurs when the tip of the trocar or the distal portion of the tube comes in contact with the diaphragm. Several conditions may increase the risk of this complication. During full expiration, the diaphragm rises as high as the 4^th^ intercostal space.\[[@ref1]\] Other conditions predisposing the diaphragm to TT-related injury include hemidiaphragm paralysis, late pregnancy, obesity, massive ascites and intraabdominal tumors.\[[@ref32][@ref33]\] Proper procedure and technique reduce the likelihood of this complication. Additionally, real-time scanning or ultrasonography guided insertion can help ensure TT placement is safe despite movement or elevation of the diaphragm.\[[@ref34]\]

Malpositioning of the chest tube can also cause diaphragmatic dysfunction. Most common in neonates, this complication occurs secondary to phrenic neuropraxia from TT causing nerve compression.\[[@ref35]\] The timing of diaphragm dysfunction is unknown; However, eventration was observed within hours of tube insertion.\[[@ref36]\] Patients may be asymptomatic or show signs of respiratory insufficiency. Continuous positive airway pressure may depress the affected diaphragm and obscure the diagnosis.\[[@ref36]\] The incidence of phrenic nerve paralysis can be reduced by maintaining the tip of the tube at least 2 cm from the vertebral line.\[[@ref10]\] Prompt recognition and tube repositioning result in improvement.\[[@ref35]\]

### Lung injury {#sec3-7}

The lung is the most commonly injured organ during TT placement. Patients with decreased lung compliance, consolidation of the underlying parenchyma or significant pleural adhesions are at increased risk for laceration. These conditions prevent normal displacement of the lung when confronted by the chest tube. The use of a trocar and an inability to sufficiently explore the pleural space prior to tube placement also increase the risk of lung laceration.\[[@ref14][@ref1][@ref37]\] Diagnosis of this complication is often delayed or missed because radiographic evidence of laceration is absent and many patients do not exhibit signs or symptoms, especially patients with preexisting pulmonary disease.\[[@ref37]\]

Infarction is another rare form of chest tube-related lung injury. When excessive pleural suction is applied, aspiration of a lung segment into the TT leads to pulmonary infarction. The use of a low pressure, high volume pump can avoid this complication.\[[@ref1][@ref5][@ref38]\] Pulmonary artery canalization is a rare complication of TT placement. Rapid drainage of pulsatile, dark red blood, shortness of breath, tachycardia, and hypotension are signs/symptoms of this serious complication. Volume replacement, clamping the TT and surgical repair of the injured artery are required.\[[@ref39]\]

Delayed lung perforation, although rare, is well recognized as a complication of TT use.\[[@ref40]\] The mechanism for such occurrence is multifactorial, including the duration of TT dwelling as well as tube repositioning maneuvers and prolonged use of suction. Chest tube removal has been advocated as the initial therapy in such occurrence.\[[@ref40]\]

### Cardiac/vascular injury {#sec3-8}

Cardiovascular complications following tube thoracostomy are rare. However, these rare complications can lead to mortality if not recognized. Cardiovascular complications can occur from tube compression of critical structures causing vascular compromise \[[Figure 4](#F4){ref-type="fig"}\], or from penetrating cardiac injury during tube insertion.\[[@ref41][@ref42][@ref43]\]

![An example of postoperative chest tube compression of a coronary bypass graft (CBG).". The chest tube is seen crossing the CBG and producing pressure-related flow-limiting lesion (arrow, left); Withdrawal of the chest tube results in improved distal flow (right)](IJCIIS-4-143-g004){#F4}

When advanced too far into the pleural cavity, TT can abut the mediastinum and in rare instances mechanically compress cardiovascular structures. Chest tubes have been described compressing the right ventricle or the descending aorta.\[[@ref41][@ref42]\] In severe cases this can lead to hemodynamic instability. More commonly a TT will be seen crossing the midline of the thorax or bending on itself on chest roentgenogram. When a TT is found abutting the mediastinum it should be appropriately withdrawn and secured at its new position, with radiographic re-verification of position. Even in some cases of cardiogenic shock, withdrawing the tube has resolved the symptoms.

Penetrating cardiac injury has been described following TT placement.\[[@ref44]\] Clinical presentation includes rapid blood drainage from the tube following insertion and hemodynamic collapse. These patients require an emergent thoracotomy or sternotomy to repair the cardiac injury. Penetrating cardiac injuries usually result from inappropriate use of the trocar technique, where the trocar tip lacerates/penetrates the heart and provides a route of intracardiac TT passage. While this technique allows for rapid insertion and a smaller incision, great force is required to insert the trocar through the chest wall and into the pleural space. Loss of control of the sharp trocar tip can have devastating consequences. An open TT placement with blunt dissection allows for controlled entry into the pleural space and limits the use of sharp instruments. Digital palpation of the pleural cavity prior to inserting the tube can verify the presence of adhesions, misplacement, or proximity of organs that may interfere with tube insertion.

At this juncture mediastinal tubes deserve special mention. Mediastinal tubes are inserted as routine post-operative practice following cardiac surgery to assist the clearance of blood and fluid from the pericardial and pleural spaces and to prevent cardiac tamponade and pleural effusion. Literature on mediastinal TT morbidity is limited. Complications occur mainly when the drain is malpositioned or malfunctioning; manipulation techniques including milking, stripping, fanfolding and tapping may be applied to keep tubes from blocking. Common complications include pain from nerve impingement, subcutaneous emphysema, pneumothorax, direct injuries to the lung, injury of the diaphragm and intraabdominal organs, chylothorax, and neurologic complications (Horner\'s syndrome, winging of the scapula, acute diaphragmatic paralysis).\[[@ref13]\] Tube entrapment under sternal sutures is uncommon; Berkow and Salo reported 5 cases among 759 median sternotomies performed.\[[@ref45]\]

Mediastinitis is a devastating complication of cardiac surgical procedures. The reported incidence ranges from 0.15 to 8% but is 1 to 2% in most series.\[[@ref46]\] Massive hemorrhage caused by rupture of a vein graft varicosity that was suctioned into the tube and life-threatening complication of aortic perforation caused by the friction of the chest tube have also been reported.\[[@ref47][@ref48]\] In such an event, reexploration is necessary because of the significant mortality associated with nonoperative management. Use of the pericardial membrane between the heart and the chest tube and the choice of smaller and more flexible silastic chest tubes may reduce the incidence of these complications. Postoperative myocardial ischemia manifested by reduced ventricular contraction, caused by TT compressing a vein graft has also been reported.\[[@ref49]\] Tube repositioning is required in these situations.

Extrapulmonary anatomic complications {#sec2-6}
-------------------------------------

### Bronchopleural fistula {#sec3-9}

Bronchopleural fistula (BPF) is the abnormal connection between the pleural space and the bronchial tree. It is both an indication for and a complication of chest tube placement. Although rare, acute BPF is difficult to manage and is associated with high morbidity, prolonged hospital stay, high resource utilization, and mortality.\[[@ref50][@ref51]\] While a TT may be beneficial in the management of existing BPF, the tube itself may also contribute to or worsen a BPF (especially when malpositioned).

Patients with TT often require concurrent mechanical ventilation, which may contribute to BPF. Loss of tidal volume, gas exchange abnormalities, and the appearance of ventilator cycling are initial diagnostic clues related to this form of BPF.\[[@ref50]\] Furthermore, negative pressure applied to TT can increase flow through the fistulous tract and delay BPF closure and healing.\[[@ref52]\] Acute signs and symptoms of BPF include dyspnea, hypotension, subcutaneous emphysema, cough, and persistent air leak. Diagnosis can be confirmed via bronchoscopy, bronchography, or computed tomography (CT). Broncho-mediastinal fistulae have also been reported.\[[@ref7]\]

BPF resulting from TT insertion is synonymous with a failure of the chest drainage. Therefore, alternative methods to treat the condition must be used. Initial treatment should target life-threatening conditions, such as massive air leaks or tension pneumothorax. A number of clinical approaches to BPF include application of sealants via bronchoscopy, sclerosing and occluding methodologies, up to and including balloons, stents, as well as biologic and non-biologic adhesives.\[[@ref50]\] However, BPF as a direct complication of TT likely will require more aggressive intervention, such as direct open repair (with or without tissue flap), partial pneumonectomy, or video assisted thoracoscopy.\[[@ref51]\] These risky procedures are generally used in cases of advanced BPF, often in poor (high-risk) surgical candidates.

Proper TT insertion technique, precise tube placement, appropriate patient positioning, and utilization of sealants may all play a role in prevention and management of BPF.\[[@ref1]\] Timely chest tube removal limits the duration of time exposure to possible tube erosion etc.\[[@ref53]\] For patients with chest tubes who require mechanical ventilation, the goal should be to reduce airway pressure and minimize tube suction, therefore reducing fistula flow and loss of tidal volume.\[[@ref50]\]

### Recurrent pneumothorax {#sec3-10}

The dreaded complication following chest tube removal is the recurrence of a previously resolved pneumothorax. A recurrent pneumothorax can be associated with premature TT removal (i.e., before full lung re-expansion), an occult air leak, or air entering the pleural space during removal. The latter is especially common in patients with relatively thin, muscular, chest wall anatomy. Patients may be asymptomatic, develop shortness of breath, or tension pneumothorax in extreme cases. The pneumothorax can be detected on chest roentgenogram following TT removal, highlighting the need for confirmatory imaging.

Small pneumothoraces in patients that are clinically stable can be managed with clinical observation and follow-up chest radiography. Patients should be placed on supplemental oxygen (to maximize the "nitrogen washout" effect) and have follow-up chest roentgenogram to assess for resolution. In symptomatic patients or patients with a large pneumothorax, a new TT is inserted to allow lung reexpansion. In a study of 33 patients with a recurrent pneumothorax following TT removal, 20 required insertion of a new chest tube.\[[@ref13]\] Of note, patients who require insertion of a new TT have been show to have twice the length of hospital stay.\[[@ref54]\]

Proper technique for TT removal is critical for preventing recurrent pneumothorax. The thoracostomy site needs to be kept occluded during the removal and an occlusion dressing needs to be placed over the site immediately. Chest tube removal will be discussed in detail in a later section.

### Intercostal arterial hemorrhage {#sec3-11}

The intimate association of the intercostal arteries with the inferior border of their respective rib makes them potentially vulnerable to injury during TT placement. Given this anatomic consideration, tissue dissection during chest tube placement should be done on the superior border of the rib to avoid arterial trauma (i.e., "above to avoid"). Failure to do so may result in hemorrhage into a "negative pressure" space. Cases of massive hemothorax and sudden death after injuring intercostal arteries during TT placement have been reported.\[[@ref55]\] Proximal surgical artery ligation and transcatheter arterial embolization have both been utilized to control intercostal artery hemorrhage.\[[@ref56]\]

### Arteriovenous fistula, including chest wall (intercostals) {#sec3-12}

Although intercostal vessel laceration during TT placement is usually associated with profuse bleeding during or persistent bleeding after tube placement, the chest tube itself may tamponade such an injury and encourage the development of an arteriovenous fistula. Systemic fistulas between an intercostal artery and a subcutaneous vein may present immediately or after several years. The most common physical signs include machinery-like murmur, pulsatile mass and palpable thrill. Selective angiography or contrast-enhanced MRI establishes the diagnosis. Sonography may be useful and, on occasion, plain radiographs may show an abnormal density, or bone erosion. Surgical excision of the fistula has been the mainstay of treatment. In addition, transcatheter embolization has been successful.\[[@ref57]\] Prevention of this complication relies on proper TT placement technique, and is best accomplished by dissecting and placing the tube above the superior border of the rib to avoid the neurovascular bundle (see previous section).

### Chylothorax {#sec3-13}

Disruption of the thoracic duct may result in the drainage of lymphatic fluid into the pleural space, known as a chylothorax. Chylothorax following TT is very rare with only a handful of reported cases.\[[@ref58]\] It is characterized by a milky appearing fluid drainage due to high fat content of the lymph. The diagnosis is supported by pleural fluid triglyceride levels \>110 mg/dL. The thoracic duct runs cephalad along the right side of the aorta, crosses to the left side at the level of the fifth thoracic vertebra, and runs along the left side of the aorta until entering the venous system at the junction of the left internal jugular and subclavian veins. An injury below the fifth vertebrae will cause right chylothorax and an injury above the fifth vertebrae will cause left chylothorax.

Initial management of chylothorax is conservative, with continued TT drainage. A second thoracostomy may be considered if the original tube does not provide adequate drainage. Patients are placed on a strict low fat diet, supplemented by medium chain fatty acids. This management course is usually attempted for 1-2 weeks. Therapeutic failures are taken to the operating room for ligation of the thoracic duct through either a thoracotomy or thoracoscopy. Patients may be given a cream meal immediately prior to the procedure to help identify the site of the leak. More recently, techniques have evolved wherein lympangiographic "embolization" of the leaking duct is accomplished percutaneously.\[[@ref59]\] To avoid thoracic duct injury the tube needs to be directed toward the pulmonary apex rather than the mediastinum.

### Fibrothorax {#sec3-14}

Failure to fully evacuate a hemothorax can lead to development of fibrothorax. Retained blood within the pleural space causes inflammation and fibrous changes involving the parietal and visceral pleurae. Fibrothorax "traps" the lung, preventing it from fully expanding, and can begin as early as 1-2 weeks after the initial injury. Patients with fibrothorax report initial dyspnea. For mechanically ventilated patients, progressive difficulty with adequate ventilation due to restrictive lung mechanics can be seen. Radiographic imaging may show the retained hemothorax, loculated collections, and/or collapsed lung. Once fibrothorax develops, primary management is operative and consists of "freeing" the trapped lung. Any retained fluid is evacuated surgically and the fibrous adhesions removed to facilitate lung re-expansion. A formal decortication may be required.

Fibrothorax can be prevented by adequately draining the hemothorax early in the course of the process. A retained hemothorax should be evacuated before it causes fibrosis. Over 95% of hemothoraces are effectively treated by TT alone.\[[@ref60]\] An additional TT may be necessary to fully drain the "difficult" (i.e., dense or loculated) hemothorax. However, this is usually only effective during early management, before the hemothorax begins to organize and clot. Fibrinolytics (i.e., streptokinase or urokinase) used to dissolve and then evacuate clot contents and/or loculated hemothorax can be administered through the TT as an "intermediate measure" in select cases.\[[@ref61]\] When performed early, thoracoscopy allows for complete evacuation of the retained clot with minimal morbidity, decreased hospital stays and lower hospital costs compared to placement of a second thoracostomy.\[[@ref62]\]

Technical complications {#sec2-7}
-----------------------

### Non-functioning tube {#sec3-15}

Chest tube non-function may be associated with disconnection of the tube from the suction mechanism, mechanical obstruction (i.e., blood clot) or tube kinking, or from a dysfunctional closed system apparatus. If a closed suction system becomes disconnected, the tube should be cleaned with an antiseptic and the tubing reconnected. The chest tube should not be clamped because doing so in a patient who has active air leak can result in tension pneumothorax.\[[@ref34]\] A malfunctioning suction apparatus needs to be replaced promptly. Likewise, whenever significant contamination is noted, the tube itself should be replaced.

Tube kinking and clotting, especially in smaller tubes, are other common causes of nonfunctioning drainage.\[[@ref38]\] The cardinal sign of blocked TT drain is failure of the fluid column within the tube to fluctuate with coughing or respiration. Several mechanical procedures including milking, stripping, and fan folding have been described to promote/maintain chest tube patency. Although, commonly utilized, the usefulness of these procedures is uncertain. In one study, two-thirds of clogged chest tubes were found to clear spontaneously without manipulation.\[[@ref63]\] Additionally, several studies have shown that prophylactic tube milking/stripping does not prevent clotting.\[[@ref64][@ref65]\] Moreover, due to the potential buildup of negative pressure within the pleural cavity, these procedures have been associated with tissue entrapment, increased bleeding, and even left ventricular dysfunction.\[[@ref66][@ref67]\]

### Contralateral pneumothorax {#sec3-16}

Contralateral pneumothorax is an uncommon complication of TT placement.\[[@ref68]\] This complication may develop when the tube is advanced across the anterior mediastinum. Chronic obstructive pulmonary disease, due to a widened retrosternal airspace, and trocar use have been identified as risk factors for this complication.\[[@ref69]\] Trans-mediastinal positioning of chest tubes is usually identified radiographically, but antero-posterior radiographs alone may be inadequate and lateral views increase detection rate. Computed tomography is most accurate in determining TT position.\[[@ref70]\] Management includes repositioning of the culprit thoracostomy tube and inserting additional TT on the side of the newly developed pneumothorax.

### Subcutaneous placement {#sec3-17}

Ectopic TT insertion occurs in up to 10% of placements.\[[@ref9]\] Of those, about 15-20% are subcutaneous, wherein the tube is inserted into the chest wall and fails to enter the pleural space (i.e., the distal tip is located outside the parietal pleura).\[[@ref9]\] Subcutaneously placed tubes \[[Figure 5](#F5){ref-type="fig"}\] will fail to function either immediately or shortly after insertion. The fluid chamber in the collection system will not show respiratory variation. Improper TT placement leads to ineffective/failed drainage of pleural fluid or air. A follow-up chest radiograph confirms subcutaneous TT placement.\[[@ref71]\]

Risk factors for this complication include patient obesity, multiple rib fractures, chest wall hematoma, and rushed TT insertion. When inserted too cranially and too medially, subcutaneous chest tubes have been associated with bleeding from the pectoralis major muscle (especially in men) and damage to breast tissue in women.\[[@ref5]\] Subcutaneous chest tubes are identified clinically by absence of fluid fluctuation or radiographically by subcutaneous position of the chest tube \[[Figure 5](#F5){ref-type="fig"}\]. Once identified, subcutaneous tubes must be removed and should not be advanced or repositioned. The TT should be removed and a new TT inserted at a new site under sterile conditions. Proper technique reduces placement-related complications, including subcutaneous TT passage.\[[@ref2]\] An adequately sized incision will allow full dissection through the subcutaneous tissue and intercostal muscles prior to entering the pleural space. Passage of sterile gloved finger through the dissected tract confirms that the pleural space has been entered.

![Subcutaneous chest tube placement in a patient with a large left-sided hemothorax. Immediately upon tube thoracostomy placement, large amount of sanguineous effusion was liberated. The patient was also noted to have an air leak in the suction apparatus. The initial chest radiograph (top left) was difficult to interpret due to ECG wires interfering with proper visualization, but the tip of the chest tube (arrow) was determined to be intrathoracic. Despite improved clinical picture, both the TT drainage and the air leak quickly stopped. The subsequent CT scan shows the TT to be extrathoracic (bottom images). A new chest tube was promptly inserted and the initial chest tube removed (top right).](IJCIIS-4-143-g005){#F5}

### Persistent leakage around chest tube {#sec3-18}

If the thoracostomy site is not properly occluded with the surgical dressing or if the site is left too large relative to the tube, a leak around the TT can develop. The leak allows air back into the pleural space and will result in a residual pneumothorax. An air leak will be evident upon the examination of the collection chamber. At times, air can be heard around the chest tube site itself. Often this problem can be quickly corrected by applying a new occlusive dressing around the thoracostomy site that seals the leak. If the thoracostomy incision is large compared to the size of the tube, placing another heavy suture to reapproximate the incision can solve the problem. Of note, the thoracostomy site needs to be prepped in sterile fashion and local anesthetic should be used prior to placing another suture. The size and location of the initial incision can help decrease the likelihood of a leak around the chest tube. The skin incision should be only slightly larger than the size of the tube to be used in order to decrease the amount of potential space around the tube. Also, the incision can be made one intercostal space below the pleural entry level in order to create a tunnel between the pleura and the atmosphere.

### Unintended tube dislodgement {#sec3-19}

Chest tube dislodgement after insertion is a common occurrence. Chest tube movement is inevitable, especially in critically ill patients who are frequently repositioned for procedures.\[[@ref71]\] Patients who purposefully or inadvertently manipulate their chest tubes, increase the chance of dislodgement. When a TT is dislodged the patient should be re-evaluated, the indication for TT insertion re-confirmed, and, if necessary, a new tube reintroduced through a new site. Proper procedure and technique, when used to secure a drain, reduces the likelihood of dislodgement. Two heavy-gauge non-absorbable sutures should be placed, one to secure the drain and the other to close the wound. A simple interrupted or mattress suture is appropriate for a linear incision. A purse string suture should be avoided as it does not offer a better seal, increased risk of skin necrosis and leads to poor cosmetic results.\[[@ref6][@ref34]\] A tag of tape is recommended because it maintains the tube close to the chest wall but does not restrict minor fluctuations necessary to prevent kinking and insertion site tension.\[[@ref1][@ref34]\] The dressing may offer additional support to reduce movement and dislodgement. However, no study has been conducted to prove this.

### Chest tube removal {#sec3-20}

As previously discussed, proper TT removal is critical to reducing the risk of recurrent pneumothorax. The focus is to prevent air from reentering the pleural space by minimizing the exposure of the thoracostomy site to the atmosphere. Required supplies should be available at the bedside and prepared prior to removal of the drain, including suture removal kit to remove the securing stitch and an occlusive dressing for the tube site. The securing stitch is first cut and removed. With one hand the occlusive dressing is placed at the tube site and the tube is quickly removed with the other hand in one smooth movement. After removal the occlusive dressing must be immediately secured without exposing the site to the atmosphere.

There has been some debate regarding the optimal timing of TT removal in relation to the respiratory cycle. Some propose removing the tube at end of maximal inspiration because the lung has been fully expanded creating the smallest space between the visceral and parietal pleurae.\[[@ref72]\] However, when removing the TT during inspiration the patient can potentially suck air into the pleural space through the open thoracostomy site. Others recommend removal at end expiration when the pressure difference between the atmosphere and the thoracic cavity is the least, reducing the potential of air moving through the thoracostomy.\[[@ref1]\] When removing the tube during expiration pain may cause the patient to inadvertently inhale and draw air in to the pleural space. One study of TT removal randomized patients to removal at end inspiration versus end expiration, demonstrating that the rate of recurrent pneumothorax between the two groups was similar (8% versus 6%).\[[@ref73]\] Given that no method has shown to be superior in preventing pneumothorax, we recommend choosing one method to consistently use when removing the tube. Ultimately, quick removal of the TT while maintaining occlusion of the thoracostomy site helps prevent a recurrent pneumothorax during removal.

There is further disagreement whether chest tubes should be removed while on suction or after a trial on water seal. Placing the tube to water seal allows an occult air leak to become detectable prior to removing the chest tube, but such trials can increase the number of chest x-rays and hospital stays. Two studies have addressed whether removing chest tubes while on suction is safe with neither finding an increased incidence of recurrent pneumothorax; however, one found an increased incidence of pneumothorax requiring reinsertion of a chest tube.\[[@ref54][@ref74]\] Because chest tube reinsertion increases hospital stay and subjects patients to another invasive procedure, we recommend a trial on water seal prior to chest tube removal.

Physiologic complications {#sec2-8}
-------------------------

### Reexpansion pulmonary edema {#sec3-21}

Reexpansion pulmonary edema (RxPE) is a rare complication of chest tube placement.\[[@ref75]\] The incidence of RxPE ranges between 1-14%, with mortality rate as high as 20%.\[[@ref76]\] It usually occurs on the side ipsilateral to the reexpanded lung, and its presentation can range from an asymptomatic radiographic finding to cardio-respiratory collapse and shock.\[[@ref77]\] The exact pathophysiology for this complication has not been fully elucidated, but the mechanism appears to be related to increased endothelial permeability.\[[@ref78]\] Oxygen free radicals and multiple inflammatory mediators are important to pathogenesis of RxPE.\[[@ref78]\] Risk factors for RxPE include younger age (\<40), longer duration of lung collapse (\>4 days), and a large pneumothorax (\>30% of a single lung).\[[@ref77]\] For those at a high risk for RxPE, little or no negative pressure should be applied initially after placing a chest tube. If RxPE develops, the negative pressure applied via thoracostomy tube must be stopped immediately. If clinical deterioration continues, asynchronous differential lung ventilation may be beneficial.\[[@ref79]\]

### Vagus nerve irritation, including hemodynamic collapse {#sec3-22}

Sudden death, attributed to vagus nerve irritation following TT placement, has been reported.\[[@ref80]\] This exceedingly rare complication may occur if vagal nerve irritation leads to excessive parasympathetic cardiac stimulation and a bradyarrhythmia with a possible fatal escape rhythm. In the reported case, autopsy revealed a hematoma surrounding the vagus nerve. This likely led to continued, direct vagus nerve stimulation following TT placement. The resultant arrhythmia did not respond to pharmacotherapy. Irritation of the nerve due to the chest tube will not resolve without removal or repositioning of the tube. One should consider removing the tube should a profound bradyarrhythmia develop after the placement.

Infectious complications {#sec2-9}
------------------------

### Insertion site infection, including necrotizing fasciitis {#sec3-23}

Skin infections, empyema, and even necrotizing infections can occur at the insertion site. In those situations, the site has to be examined for spread of infection to deeper tissues. Tube removal, antibiotics and surgical intervention may be needed. By acting as a foreign body, the TT may provide a "common plane" for infectious exposure between the insertion site, the chest wall, and the pleural space.\[[@ref1]\] Necrotizing fasciitis, a rapidly progressive, life-threatening infection of subcutaneous tissue and fascia has been reported in association with TT placement.\[[@ref81]\] Risk factors include excessive soft tissue dissection during TT insertion and pre-existing contamination.\[[@ref82]\] In the early phases, cellulitis and necrotizing fasciitis may be difficult to clinically differentiate. In the later phases, subcutaneous crepitus may be present. However, in the setting of TT use for pneumothorax with significant pre-existing subcutaneous emphysema even the finding of subcutaneous crepitus may be misinterpreted as "expected". Prompt recognition of necrotizing fasciitis is paramount due to the fact that urgent surgical chest wall debridement is required in addition to broad-spectrum antibiotic coverage.\[[@ref81]\] Antibiotic coverage should include agents effective against mixed aerobic and anaerobic organisms.\[[@ref82]\] Another rare but serious infectious complication associated with TT use is the osteomyelitis of the rib.\[[@ref83][@ref84]\] The most common presenting signs/symptoms include localized chest wall swelling and actively draining chest wall sinuses.\[[@ref83]\] Risk factors for this complication include blunt chest trauma and thoracostomy drainage of empyema.\[[@ref83]\] Staphylococcal infection is commonly seen.\[[@ref84]\] Therapy is prolonged and includes culture-directed antibiotic coverage as well as surgical resection of the involved rib in cases of therapeutic failure.\[[@ref83]\]

### Empyema {#sec3-24}

Placement of a chest tube is considered a "clean contaminated" procedure. Empyema after TT has a reported incidence of 1% to 25%, depending on the study/population characteristics.\[[@ref85]\] The presence of a pleural effusion prior to tube placement carries a higher risk of empyema.\[[@ref86]\] In trauma patients, factors associated with the development of empyema include prolonged TT dwelling time, length of intensive care stay, the presence of a pulmonary contusion, laparotomy and retained hemothorax. Antibiotic prophylaxis prior to TT placement is controversial. With regards to peri-procedural antibiotic use, a detailed discussion can be found at the end of this manuscript. *Staphylococcus aureus* is the most frequent organism associated with empyema. Empyema occurs more frequently after penetrating (versus blunt) chest trauma because penetrating injuries allow direct pleural entry of microorganisms. Treatment options for empyema, alone or in combination, include continued TT drainage, new tube placement, image-directed drainage, intrapleural fibrinolytic therapy, thoracoscopy, and open pleural decortication.

Miscellaneous complications and topics {#sec2-10}
--------------------------------------

### Tube erosion (non-acute) {#sec3-25}

Erosion of a thoracic structure is a very rare, delayed complication of chest tubes. Direct contact along with continuous pressure between the TT and thoracic structure, in addition to constant motion from respiration/cardiac rhythm, is the most likely mechanism of erosion.\[[@ref26]\] Both rigid and soft chest tubes have been reported to cause erosion.\[[@ref11][@ref26]\]

Delayed esophageal erosion following TT placement has been reported.\[[@ref26]\] A posteriorly placed tube, malnutrition, presence of infection, and an inappropriately sized tube increase the possibility of esophageal erosion.\[[@ref26][@ref87]\] An esophageal erosion should be considered whenever a previously functioning TT begins to drain enteric fluid (high amylase, low pH, squamous epithelial cells, multiple pathogens, food particles).\[[@ref88]\] Confirmation of erosion is through an esophageal contrast study or computed tomography. Therapy includes continued draining, broad-spectrum antibiotics, nutritional support, and surgical repair or resection.

Erosions of the aorta and subclavian artery are also documented.\[[@ref11][@ref89][@ref90]\] Hemodynamic instability and continued bleeding at the chest tube insertion site are signs of arterial erosion and require further investigation. Bleeding at the insertion site is not abnormal. However, it rarely occurs days after placement of the chest tube.\[[@ref11]\] Thoracotomy is indicated for arterial erosions. Erosions are preventable with post-insertion chest radiographs allowing for repositioning of the misplaced chest tube.

### Horner\'s syndrome {#sec3-26}

Horner\'s syndrome -- an injury to the sympathetic pathways characterized by the presence of miosis, ptosis, anhidrosis, enophthalmos, ipsilateral vasodilation -- has been reported following TT placement.\[[@ref12]\] High insertion in the posterior chest wall has resulted in this complication.\[[@ref91]\] The injury likely reflects an interaction of several factors affecting the nerve tissue, including direct pressure of the TT, hematoma formation, inflammation, stretching of the nerve fibers, and scar formation.\[[@ref12]\] Variable in onset (hours to days) the clinical course of this TT-associated morbidity is self-limited in one-third to two-thirds of cases.\[[@ref12][@ref92]\] Reversibility may be related to how promptly this complication is recognized and treated.\[[@ref93]\] Optimal clinical management involves prompt recognition and immediate TT repositioning and/or removal (if indicated).\[[@ref12]\] It is important to carefully verify the post-placement position of the TT and to secure the tube adequately in order to prevent primary (direct impingement) or secondary (i.e. impingement related to migration) nerve injury. Any subsequent chest radiographs should be carefully reviewed to ensure continued optimal TT placement.

### Determination of tube thoracostomy failure: Indications for surgery {#sec3-27}

Although the breadth of this section is extensive and beyond the scope of the current review, the authors would like to discuss some of the clinical criteria for declaring the failure of TT management and indications for surgical therapy in such cases of failed therapy. One of such circumstances is the presence of persistent severe air leak and the failure of the lung to re-expand following insertion of one or more thoracostomy tubes.\[[@ref94]\] Another indication for escalating therapy is the failure of adequate TT drainage of intrapleural infection or blood (up to and including the use of intrapleural streptokinase) in patients with empyema or retained hemothorax.\[[@ref95][@ref96]\] Less frequently, the surgical approach may be utilized in cases of persistent, massive pleural effusion drainage for both benign and malignant conditions.\[[@ref3][@ref97]\] Although definitive timelines for determining when the chest tube therapy has failed are difficult to set, there is evidence to suggest that early (3-4 days) versus delayed surgical approach may be more beneficial in cases of empyema\[[@ref98][@ref99]\] and retained hemothorax.\[[@ref99][@ref100]\]

### Miscellaneous topics {#sec3-28}

Tube thoracostomy in the setting of malignant disease carries a low (\<5%) but not negligible rate of tumor seeding of the track.\[[@ref101][@ref102]\] Local spread of malignant mesothelioma following minimally invasive thoracic surgical procedures is well documented.\[[@ref103]\] Fortunately, it is much less likely for other tumor types to "seed" wounds or tracks associated with pleural biopsies or chest tubes.\[[@ref104][@ref105]\]

Among the less common complications is the possibility of pulmonary infarction associated with chest tube placement. Pulmonary infarction has been described in the setting of lung entrapment secondary to TT.\[[@ref106]\] Another less common complication is injury to the subclavian vasculature.\[[@ref107][@ref108]\] This complication can occur in the setting of perforated/injured parietal pleura and may be more common with trocar thoracostomy devices.\[[@ref107]\] Preventive measures include strict adherence to procedural safety, as outlined earlier.\[[@ref108]\]

The use of peri-procedural antibiotics during TT placement remains controversial. The practice is widely utilized across different clinical settings, from trauma to drainage of pleural effusion. Although prophylactic antibiotics have been found unnecessary in patients undergoing closed TT for primary spontaneous pneumothorax,\[[@ref109]\] at least one prospective randomized trial showed that prophylactic antibiotics significantly reduce the overall rate of infectious complications following chest tube placement.\[[@ref110]\] In a meta-analysis of studies on this topic, the use of prophylactic antibiotics was shown to reduce the absolute risk of empyema by approximately 6% and all infectious complications by approximately 12.5%.\[[@ref111]\] Of note, most studies utilized cephalosporins or clindamycin for antibiotic coverage.\[[@ref34]\] Current British Thoracic Society recommendations advocate the use of aseptic technique for TT insertion (recommendation class C) and prophylactic antibiotics in trauma cases (recommendation class A).\[[@ref34]\]

Significant subcutaneous emphysema can be associated with chest tube use.\[[@ref112]\] This clinical finding can usually be attributed to subcutaneous side-port migration, suboptimal initial TT placement, poorly secured tube, and thoracostomy blockage.\[[@ref112]\] When unanticipated subcutaneous emphysema is clinically or radiographically noted, management includes TT inspection, followed by tube repositioning or replacement, as applicable/indicated. When the subcutaneous air is associated with inadequate drainage despite properly placed chest tube, consideration should be given to placement of additional thoracostomy drainage, investigation of a more serious complication (i.e., bronchopleural fistula) up to and including operative therapy as indicated.

The altered thoracic anatomy of the pregnant patient is worthy of discussion as well. Pregnancy contributes to early changes in the thorax and the thoraco-abdominal interface. These changes persist due to the mass effect of the gravid uterus in later fetal development, but the clinician must be aware that even in the first trimester, the chest is significantly affected. The rib cage increases up to 7 cm in circumference, the diaphragm moves cephalad approximately 4 cm, and its excursion increases by about 2 cm. Also important to TT placement, the subcostal angle increases 50% from 69.5 to 103.5 degrees, the intercostal spaces widen and the cardiac apex moves upward and to the left.\[[@ref113][@ref114]\] Consequently, special care should therefore be taken during TT placement in the pregnant patient.

CONCLUSIONS {#sec1-2}
===========

Chest tubes are life saving instruments. Their use is necessary, and yet operators must be wary of the consequences of such use. Proper placement and evaluation of chest tubes is of paramount importance. An operator\'s ability to think through a differential diagnosis while trouble-shooting is a matter of knowledge, experience, and vigilance. The authors hope that this chest tube complication primer will serve as a good foundation for those who wish to become adept at the management of chest tubes. It is our belief that good knowledge of potential complications is the fundamental step to improved patient outcomes.
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